
Copyright © 2021 Korean Neurological Association  435

Background and Purpose  To investigate the incidence and characteristics of neurological 
manifestations associated with coronavirus disease 2019 (COVID-19).
Methods  We reviewed the medical records of the consecutive patients with COVID-19 who 
were admitted to the central infectious diseases hospital designated for the treatment of CO-
VID-19 in South Korea between March 2020 and September 2020. Newly developed neuro-
logical manifestations associated with COVID-19 were investigated. The frequency and clini-
cal features of the neurological manifestations were analyzed according to disease severity, 
which was classified according to World Health Organization interim guidance.
Results  Of the 306 symptomatic patients, 186 (60.8%) developed at least one neurological 
manifestation during hospitalization. The most common neurological symptom was head-
ache (n=102, 33.3%), followed by myalgia (n=96, 31.4%) and anosmia/ageusia (n=54, 17.6%). 
Acute stroke (all ischemic stroke) occurred in three (1.0%) patients, and new-onset seizures 
occurred in two (0.7%). Neurological manifestation was a presenting symptom of COVID-19 
in 72 (23.5%) patients, and was the only symptom of COVID-19 in 12 (3.9%). Stroke, seizure, 
and impaired consciousness were significantly associated with severe to critical COVID-19, 
whereas headache and anosmia/ageusia were frequently found in patients with mild to mod-
erate disease.
Conclusions  Neurological manifestations were commonly observed in patients with COV-
ID-19. During the current pandemic, when patients present with new-onset neurological 
symptoms, COVID-19 may be considered as part of the differential diagnosis. Attention to 
severe neurological complications is needed, especially in patients with severe or critical CO-
VID-19.
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Neurological Manifestations in Patients with COVID-19: 
Experiences from the Central Infectious Diseases Hospital 
in South Korea

INTRODUCTION

Respiratory symptoms are the most important clinical manifestations of coronavirus disease 
2019 (COVID-19), which is caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2).1 However, reports of neurological manifestations have also increased rap-
idly since being first described in patients in Wuhan, China.1,2 Common neurological symp-
toms of COVID-19 are smell and taste disturbances, myalgia, and headache.3 Rare compli-
cations include cerebrovascular disease, seizure, encephalitis, and Guillain-Barré syndrome.1-3

SARS-CoV-2 can directly infect structures in the peripheral nervous system and the cen-
tral nervous system (CNS).4 Neurotropism may occur via an upper nasal transcribrial route 
(olfactory epithelium), axonal transport and transsynaptic transfer, or a hematogenous and/
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or lymphatic route.4,5 The SARS-CoV-2 virus can invade cells 
via binding of its spike protein to the cellular angiotensin-con-
verting enzyme 2 (ACE2) receptor, which has recently been 
found on neurons and glial cells in several brain structures.4 
In addition, neurological manifestations occur secondary to 
a severe systemic reaction in response to a viral infection out-
side the nervous system.4

As of January 13, 2021, there were more than 70,000 con-
firmed cases of COVID-19 in South Korea.6 Many studies 
have been performed on COVID-19, but there are few re-
ports of neurological complications in Korean patients with 
this disease.7,8 We therefore investigated the incidence and 
clinical characteristics of neurological manifestations among 
hospitalized patients with confirmed SARS-CoV-2 infection 
at the central infectious diseases hospital in South Korea.

METHODS

Study population and variables
We retrospectively reviewed the electronic medical records 
of consecutive hospitalized patients with confirmed SARS-
CoV-2 infection at the at the National Medical Center in Seoul, 
South Korea, between March 2020 and September 2020. The 
National Medical Center is an institute for infectious diseas-
es that was designated as the headquarters for all institutions 
treating COVID-19 in South Korea at the start of the pan-
demic. All patients had a confirmed laboratory diagnosis of 
COVID-19 through the detection of SARS-CoV-2 RNA in a 
nasopharyngeal swab or sputum sample using the real-time 
reverse-transcription polymerase chain reaction (PCR).

The demographic data recorded for each patient included 
age at admission, sex, and ethnicity. Information on smok-
ing, pregnancy, and comorbidities including hypertension, 
diabetes, chronic lung disease, cardiovascular and cerebro-
vascular diseases, chronic kidney disease, malignancies, hu-
man immunodeficiency virus (HIV) infection, neurological 
disease, and psychiatric disease were also collected.

Typical respiratory and other nonneurological and neuro-
logical symptoms experienced from symptom onset to dis-
charge were extracted from the medical and nursing records 
of the patients. Neurological features included nonspecific 
symptoms (headache, dizziness, syncope, or myalgia), loss of 
smell (anosmia) or taste (ageusia), impaired consciousness 
(decreased consciousness or delirium), stroke, and seizure. 
The information in the medical records on symptoms or signs 
was generally obtained by history-taking and examinations by 
physicians. Neurologists were usually consulted when stroke 
or seizures were suspected or when there was an impaired 
consciousness.

COVID-19 disease severity was classified as asymptomat-

ic (patients infected with SARS-CoV-2 who did not develop 
symptoms), mild (symptomatic COVID-19 without evidence 
of pneumonia or hypoxia), moderate [pneumonia, but no 
signs of severe pneumonia including a peripheral oxygen sat-
uration level (SpO2) of ≥90% in room air], severe (severe pneu-
monia, with a respiration rate of >30 breaths/min; severe re-
spiratory distress; or SpO2 <90% in room air), or critical (acute 
respiratory distress syndrome, sepsis, or septic shock), based 
on the World Health Organization (WHO) interim guidance 
released in May 2020.9 The patients were divided into two 
groups according to disease severity (asymptomatic, mild, or 
moderate vs. severe, critical, or fatal), and the demographic 
and neurological differences between these two groups were 
analyzed.

Statistical analyses
Continuous variables (e.g., age) were summarized using de-
scriptive statistics, and categorical variables were summarized 
as absolute frequencies and percentages. Comparisons were 
made between patients with asymptomatic, mild, or moder-
ate COVID-19 and those with moderate or severe COVID-19. 
The chi-square test (or Fisher’s exact test) was used to com-
pare categorical variables, and the Mann-Whitney test was 
used to compare ages between groups. All statistical analyses 
were performed using SPSS (version 26, IBM Corp., Armonk, 
NY, USA), and statistical significance was defined as p<0.05.

Ethics statement
The institutional review board of the National Medical Cen-
ter reviewed and approved the study protocol (Approval No. 
NMC-2008-054). The requirement for patient informed con-
sent was waived by the board because of retrospective chart 
review.

RESULTS

Baseline characteristics and symptoms
A total of 331 patients with confirmed COVID-19 were en-
rolled during the study period. During that same period, 
there were 16,336 patients with COVID-19 nationwide in 
South Korea and 5,324 in Seoul;10 thus, the patients whose 
data were analyzed in this study represented 2% and 6.3% of 
those, respectively.

The demographics and comorbidities of the patients whose 
data were analyzed are presented in Table 1. They ranged in 
age from 13 to 89 years, with a median age of 54 years; 103 of 
the 331 (31.1%) patients were older than 65 years. This pop-
ulation was predominantly male (n=213, 64.4%) and Asian 
(n=318, 96.1%), and 72 (21.8%) had a history of smoking. The 
most common comorbidities were hypertension (n=91, 27.5%), 
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diabetes (n=63, 19.0%), and vascular disease (n=35, 10.6%). 
Five patients were pregnant, and four had a history of HIV 
infection.

The clinical characteristics and severity of COVID-19 are 
presented in Table 2. Twenty-five (7.6%) patients were asymp-
tomatic. Among the 306 symptomatic patients, 217 (70.9%) 
had experienced fever, 191 (62.4%) had experienced cough 
and/or sputum, and 87 (28.4%) had experienced dyspnea. 
According to the WHO interim guidance document on CO-
VID-19 severity, most of the patients had mild or moderate 
disease (n=256, 83.7%); 34 (11.1%) had severe disease and 16 
(5.2%) had critical disease. Eleven (3.3%) patients died due 
to COVID-19.

Patients with severe or critical disease and those who died 
due to COVID-19 were significantly older (median age 69 
years in patients with severe or critical disease vs. 50 years in 
patients with asymtomatic, mild or moderate disease; p<0.001). 
In addition, hypertension, diabetes, or vascular disease were 
significantly more common among those with severe to criti-
cal COVID-19 (Table 1). All five pregnant patients had mild 
disease, and all four HIV-infected patients had asymptomatic 
(n=1), mild (n=2), or moderate (n=1) COVID-19.

Neurological manifestations
Of the 306 symptomatic patients excluding 25 asymptomatic 
patients, 186 (60.8%) developed at least one neurological symp-
tom or disorder associated with COVID-19 during hospital-
ization (Table 3). The most commonly observed neurological 
symptom was headache (n=102, 33.3%), followed by myalgia 
(n=96, 31.4%), and anosmia/ageusia (n=54, 17.6%). Impaired 
consciousness was observed in 36 (11.8%) patients, including 

decreased consciousness in 16 (5.2%) and delirium or confu-
sion in 20 (6.5%). Eighty-eight (28.8%) patients experienced 
more than 2 neurological manifestations.

Four (1.3%) patients had syncope. Acute stroke occurred 
in three (1.0%) patients, and new-onset seizures occurred 
in two (0.7%). All three patients with stroke had ischemic 
strokes, which all occurred while they were being treated in 
the intensive care unit (Fig. 1). In one case, new-onset atrial 
fibrillation developed after COVID-19 infection, followed by 

Table 1. Baseline characteristics of the study patients

Variable
Total

(n=331)
Asymptomatic, mild to moderate 

(n=281)
Severe to critical, or death 

(n=50)
p

Age at admission, years 54.0 [37.0–67.0] 50.0 [36.0–64.0] 69.0 [62.0–78.0] <0.001†

≥65 years 103 (31.1) 68 (24.2) 35 (70.0) <0.001†

Sex, male 213 (64.4) 180 (64.1) 33 (66.0) 0.792

Smoking 72 (21.8) 63 (22.4) 9 (18.0) 0.485

Comorbidity 

Hypertension 91 (27.5) 61 (21.7) 30 (60.0) <0.001†

Diabetes 63 (19.0) 38 (13.5) 25 (50.0) <0.001†

Chronic lung disease* 11 (3.3) 9 (3.2) 2 (4.0) 0.675

Cardio- or cerebrovascular disease 35 (10.6) 25 (8.9) 10 (20.0) 0.019†

Chronic kidney disease 3 (0.9) 2 (0.7) 1 (2.0) 0.389

Malignancy 13 (3.9) 12 (4.3) 1 (2.0) 0.700

Neurological disorder other than  
  cerebrovascular disease 

19 (5.7) 14 (5.0) 5 (10.0) 0.160

Psychiatric disorder 20 (6.0) 17 (6) 2 (4.0) 0.749

Data are n (%) or median [interquartile range] values.
*Chronic lung disease includes asthma and chronic obstructive lung disease, †p<0.05, statistically significant. 

Table 2. Overall symptoms and severity of COVID-19

Variable Total (n=331)
Asymptomatic 25 (7.6)

Symptoms or signs* 306 (92.4)

Fever 217 (70.9)

Cough/sputum 191 (62.4)

Dyspnea/shortness of breath 87 (28.4) 

Sore throat 66 (21.6)

Nasal congestion 14 (4.6)

Gastrointestinal symptoms (anorexia, nausea,  
  vomiting, or diarrhea)

20 (6.5)

Neurological symptoms 186 (60.8)

Disease severity*†

Mild 80 (26.1)

Moderate 176 (57.5)

Severe 34 (11.1)

Critical 16 (5.2)

Death 11 (3.3)

Data are n (%) values.
*Asymptomatic patients (n=25) were excluded (symptomatic, n=306), 
†Classification based on the clinical management of COVID-19 in the 
WHO interim guidance.9
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multiple embolic infarctions. Poststroke acute symptomatic 
seizure subsequently occurred in one patient with acute infarc-
tion. Another patient experienced new-onset remote symp-
tomatic seizures that might have been related to previous sub-
arachnoid hemorrhage. Among the 16 patients with decreased 

consciousness, 14 had suggested underlying etiologies such 
as hypoxia or metabolic derangements. The remaining two 
patients had moderate COVID-19, but further evaluation was 
not performed because underlying severe dementia was thought 
to have contributed to their state of decreased consciousness.

A neurological manifestation was an initial presenting symp-
tom of COVID-19 in 72 (23.5%) patients, with myalgia being 
the most common (n=49, 68.1%). Two patients initially pre-
sented with impaired consciousness without respiratory symp-
toms. Neurological manifestations were the only symptoms 
of COVID-19 in 12 (3.9%) patients (myalgia in 8, anosmia 
or ageusia in 7, and headache in 3).

Factors associated with neurological manifestations
The patients with headache were younger than those with-
out headache [median 50.0 years, interquartile range (IQR) 
37.0–61.0 years vs. median 57.0 years, IQR 38.0–72.0 years; 
p=0.002]. In addition, those with anosmia were younger than 
their counterparts without anosmia (median 38.0 years, IQR 
30.0–45.0 years vs. median 59.0 years, IQR 40.0–70.0 years; 
p<0.001). In contrast, those who had decreased conscious-
ness (median 78.0 years, IQR 75.0–81.0 years) or those who 
had delirium (median 76.0 years, IQR 69.0–80.5 years) were 
older than those whose consciousness was unaffected (me-
dian 52.0 years, IQR 37.0–66.0 years) (p<0.001, respectively). 
There was no significant difference in patient age between 
those with or without dizziness or myalgia, and no significant 
difference in the sex distribution between patients with or 
without individual neurological symptoms.

Neurological manifestations stratified by the COVID-19 
severity are presented in Table 4. Stroke and seizure occurred 

A-1 B-1 

A-2 B-2 

A-3 B-3 
Fig. 1. Chest and brain imaging in COVID-19 patients with new-onset stroke. A: Chest computed tomography shows diffuse ground-glass opaci-
ties with consolidation in both lungs of Patient 1 (A-1), and diffusion-weighted imaging (DWI) shows multiple small acute infarctions in both 
hemispheres (A-2 and A-3). B: Chest anteroposterior X-ray reveals diffuse hazy density in both lungs of Patient 2 (B-1), and DWI reveals massive 
acute infarctions in both hemispheres (B-2), brainstem and cerebellum (B-3).

Table 3. Neurological manifestations among symptomatic COV-
ID-19 patients

Variable Total (n=306)
Any 186 (60.8)

Headache 102 (33.3)

Dizziness 18 (5.8)

Myalgia 96 (31.4)

Syncope 4 (1.3)

Loss of smell (anosmia) or loss of taste (ageusia) 54 (17.6)

Decreased consciousness (drowsiness, stupor, or coma) 16 (5.2)

Delirium or confusion 20 (6.5)

Stroke (ischemic or hemorrhagic) 3 (1.0)

Seizure 2 (0.7)

As an initial presenting manifestation of COVID-19

Any 72 (23.5)

Headache 7

Myalgia 49

Syncope 1

Anosmia or ageusia 13

Decreased consciousness or delirium 2

As the only manifestation of COVID-19

Any 12 (3.9)

Headache 3

Myalgia 8

Anosmia or ageusia 7

Data are n or n (%) values.
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only in patients with severe or critical disease, and decreased 
consciousness or delirium were also significantly more com-
mon in these patients. In contrast, anosmia/ageusia was found 
only in patients with mild or moderate disease, and headache 
was also more commonly found in these patients.

DISCUSSION

This retrospective study of neurological features in symptom-
atic COVID-19 patients found that 60.8% (186/306) of pa-
tients had neurological symptoms or diagnoses. These were 
most commonly nonspecific manifestations (headache and 
myalgia) or anosmia/ageusia, which were reported primarily 
in relatively young patients with mild disease. Severe neuro-
logical manifestations, including altered mental status, and 
stroke or seizure, were significantly more common in older 
patients with severe to critical disease. Neurological symp-
toms or signs were presenting manifestations of the COV-
ID-19 in 72 (23.5%) patients, and were the only manifesta-
tions of the disease in 12 (3.9%) patients. To the best of our 
knowledge, this is the first study to investigate the neurolog-
ical features of COVID-19 in South Korea.

In previous studies on the neurological aspects of COV-
ID-19, the incidence of neurological manifestations (includ-
ing nonspecific symptoms) has varied widely, from 36% to 
72%.2,11-14 Similar to the present findings, the most common 
symptoms reported previously were headache, myalgia, smell 
and taste impairment, and impaired consciousness. A recent 
systematic review found that the symptoms of headache, diz-
ziness, smell dysfunction, and impaired consciousness occurred 
in 20.1, 6.8, 59.2, and 5.1% of patients, respectively.4

Several studies have focused on more specific or critical 

neurological manifestations of COVID-19, such as stroke, 
seizure, encephalopathy/encephalitis, and Guillain-Barré syn-
drome.15-19 Although the incidence of specific neurological 
manifestations is relatively low, they occur more commonly 
in patients with severe COVID-19 and are associated with a 
poor clinical outcome.2,4,13,15,19 We identified only three cases 
of stroke and two cases of seizures, and all of these patients 
had severe or critical COVID-19. Provisional case definitions 
for the association between COVID-19 with neurological dis-
ease have been proposed, which include meningitis, enceph-
alitis, myelitis, CNS vasculitis, acute disseminated encepha-
lomyelitis, acute neuropathies, and stroke.1 Prospective studies 
using the proposed new definitions are needed to ascertain 
the details regarding specific neurological complications as-
sociated with COVID-19.

The mechanisms by which SARS-CoV-2 invades the CNS 
are not fully understood; however, olfactory and hematogenous 
pathways have been suggested based on evidence from other 
coronaviruses.1,20-22 Direct viral entry into the brain through 
the olfactory bulb is a possible route.1 Several studies have in-
dicated that olfactory dysfunction is an early and prevalent 
symptom of COVID-19.8,23-25 One case report described a CO-
VID-19 patient who had a prefrontal lesion after experienc-
ing anosmia, suggesting transolfactory bulb brain invasion.26 
SARS-CoV-2 itself or infected leukocytes can also invade the 
CNS directly through hematogenous spread across the de-
stroyed blood–brain barrier.1,4,22 Recent studies have found 
SARS-CoV-2 RNA in cerebrospinal fluid or brain tissues.27,28 
SARS-CoV-2 can enter human host cells via binding of its 
spike protein to ACE2 receptors, which are found on various 
endothelial cells, including in the lung, blood vessels, kidney, 
and small intestine.21 The ACE2 receptor is also expressed in 
neurons, glial cells, and olfactory epithelial cells, rendering 
them potential targets for SARS-CoV-2 invasion.20,25

In contrast to direct invasion, indirect systemic and local in-
flammatory responses can cause cytokine storms and immune-
cell activation.22 Neurological manifestations might result from 
septic and hypoxic encephalopathy, coagulation dysfunction, 
cardiovascular-metabolic disturbance, and multiorgan fail-
ure.4,22 In addition, inflammatory conditions might be respon-
sible for encephalitis, demyelination of the CNS, and Guillain-
Barré syndrome.22

In comparison with other viral diseases, olfactory dysfunc-
tion was found to be more common in SARS-CoV-2-positive 
patients than in their SARS-CoV-2-negative counterparts with 
flu/respiratory symptoms.29 New-onset smell and taste impair-
ments were reported more commonly in patients with CO-
VID-19 than in a historical cohort of patients with influenza.30 
Myalgia and rhabdomyolysis were more common in SARS-
CoV-2 infection than in other flu/respiratory diseases.29 In 

Table 4. Neurological manifestations according to the severity* of 
COVID-19

Variable
Mild or 

moderate 
(n=256)

Severe, critical, 
or death 
(n=50)

p

Any 176 (68.8) 35 (70.0) 0.873

Headache 97 (37.9) 5 (10.0) <0.001

Dizziness 16 (6.3) 2 (4.0) 0.747

Myalgia 83 (32.4) 13 (26.0) 0.371

Syncope 4 (1.6) 0 1.000

Anosmia or ageusia 54 (21.1) 0 <0.001

Decreased  
  consciousness

2 (0.8) 14 (28.0) <0.001

Delirium or confusion 10 (3.9) 10 (20.0) <0.001

Stroke 0 3 (6.0) 0.004

Seizure 0 2 (4.0) 0.026

*Asymptomatic patients (n=25) were excluded (symptomatic, n=306). 
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another systematic review, the prevalence of myalgia among 
patients with COVID-19 was reported to be 20.5% [95% con-
fidence interval (CI) 19.7–21.2]; myalgia was the fourth most 
common neurological symptom.3 In the case of influenza, 
the prevalence of myalgia was similar to that of COVID-19, 
with influenza A at 32% (95% CI 27–36%) and influenza B 
at 22.5% (95% CI 11–40%).31 It is therefore debatable wheth-
er myalgia is a more common or specific symptom of COV-
ID-19 than of other viral infections.

Headache was the most prevalent neurological symptom of 
COVID-19 in our study, at 33.3%; a recent systematic review 
of 51 studies (16,446 patients) found that the overall preva-
lence of headache was 20.1%, ranging across studies from 2.0% 
to 66.1%.4 Headache is a common symptom of various viral 
infections, even in the absence of meningitis or encephalitis.32 
As stated above, indirect mechanisms including hypoxia, de-
hydration, systemic inflammation, metabolic disturbances, 
and cytokine release syndrome could be involved in the de-
velopment of headache in patients with COVID-19.33 A re-
cent meta-analysis revealed a pooled prevalence of headache 
in COVID-19 patients of 10.1% (95% CI 8.76–11.49), which 
was lower than that for severe acute respiratory syndrome 
(20.0–61.0%), influenza (>90%), and other acute upper re-
spiratory tract infections (>60%).34,35 Headache might be less 
common in SARS-CoV-2-positive patients than in patients 
with other respiratory-virus-associated infections.

Anosmia and ageusia were found only in patients with mild 
or moderate COVID-19 (n=53), which is similar to the results 
of a survey of patients in Daegu, South Korea.8 Although the 
precise underlying pathophysiology has yet to be determined, 
olfactory dysfunction might be related to a milder course of 
COVID-19 and lower mortality.13,36,37 Patients with anosmia 
tend to have more benign inflammatory or immune respons-
es.37 A recent meta-analysis found that advanced age was 
correlated with a lower prevalence of olfactory and gustato-
ry dysfunctions, which is consistent with the findings of the 
present study.38 This can be explained in part by severe CO-
VID-19 being more prevalent in the elderly population, many 
of whom already have olfactory dysfunction. In addition, mild 
symptoms including olfactory dysfunction may be ignored or 
underestimated in patients with severe COVID-19.13

Stroke, seizures, and mental status changes occurred more 
frequently or were observed only in patients with severe to 
critical COVID-19. This is consistent with findings of the ini-
tial study from Wuhan and a recent Spanish registry study.2,13 
Patients with severe disease are older and more likely to have 
stroke-associated comorbidities.4 Acute cerebrovascular dis-
ease in patients with COVID-19 may be associated with co-
agulopathy due to various causes, inflammatory processes, 
atrial fibrillation, and direct vascular endothelial injury asso-

ciated with viral entry through ACE2 receptors.1,4,39 The de-
velopment of major neurological manifestations, including 
encephalopathy, stroke, and seizure, was found to be an in-
dependent predictor of COVID-19-related death.40

It is estimated that risk of stroke is higher in COVID-19 pa-
tients than in those with influenza.41,42 Acute infection is a 
trigger for acute stroke, and in the UK General Practice Re-
search Database study, acute stroke occurred within 1 month 
in 7% of those with acute systemic respiratory infection.43,44 
Therefore, whether COVID-19 itself increases the risk of stroke 
is unclear.

In the present study, both patients with seizures had struc-
tural etiologies of seizures (acute ischemic stroke and prior 
subarachnoid hemorrhage). Nonspecific mechanisms related 
to COVID-19 such as fever, hypoxia, and cytokine-storm-re-
lated metabolic derangements can trigger the development of 
seizures in patients with underlying structural brain lesions.45 
Although the occurrence of seizures in a cohort of patients 
with COVID-19 in Iran was reportedly low (0.08%), most 
patients experienced seizures as an initial manifestation.46 
Several case studies have found seizures due to underlying 
meningoencephalitis in the setting of COVID-19.22,26

The prevalence of impaired consciousness in COVID-19 
patients is reported to be 5.1% (range 1.4–69%), and has been 
shown to occur more commonly in those with severe to crit-
ical disease.4,47 Altered mental status has been observed in as 
many as 86% of patients who have died due to COVID-19.47 
Most cases of impaired consciousness were associated with 
various causes of encephalopathy, such as hypoxia, sepsis, im-
paired metabolism, and toxicity/drugs. In the case of critically 
ill patients treated with mechanical ventilation, the diagnosis 
rate of impaired consciousness might have been overestimated 
due to the use of sedatives. In addition, as mentioned above, 
direct CNS invasion by SARS-CoV-2 can cause impaired con-
sciousness and encephalitis, as observed by cerebrospinal fluid 
pleocytosis or a positive PCR result for cerebrospinal fluid. 
An extensive evaluation including a cerebrospinal fluid in-
vestigation was not performed in the present study because 
most of the patients with reduced consciousness had an un-
derlying etiology related to encephalopathy. However, the pos-
sibility of direct invasion or other causes, such as nonconvul-
sive status epilepticus, cannot be excluded.

In the present study, 72 (23.5%) patients had a neurologi-
cal manifestation as an initial presenting symptom of CO-
VID-19, and in 12 (3.9%) patients this was the sole symptom 
of this disease. Most patients had mild neurological symp-
toms, such as myalgia, anosmia/ageusia, and headache, but 
two patients initially presented with altered mental status 
without respiratory symptoms. A study from Wuhan found 
that some patients with COVID-19 had neurological symp-
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toms as their presenting manifestations,2 and one observa-
tional study found that neurological symptoms preceded re-
spiratory symptoms in 14.5% of patients with COVID-19 and 
were the only symptoms of the disease in 22.7%.12 In anoth-
er observational study investigating the initial symptoms of 
COVID-19, neurological symptoms were found in 9.7% of 
the patients.48 In another study, the onset of anosmia was not-
ed early in 73% of the patients prior to the diagnosis of CO-
VID-19.49 In addition, severe neurological manifestations, 
including altered mental status, stroke, and Guillain-Barré 
syndrome, could be the first symptom of COVID-19.47,50,51

The limitations of our study include incomplete neurologi-
cal evaluations and a lack of diagnostic procedures, such as 
lumbar puncture and neurophysiological studies. The COV-
ID-19 pandemic is a demanding situation during which re-
spiratory care and contagion prevention are the critical points 
of focus, which makes clinicians hesitant to evaluate problems 
other than respiratory symptoms. In the present study, the 
data were collected by history-taking rather than by using 
structured questionnaires, and comprehensive evaluations 
by neurologists were performed only in selected patients. An-
osmia/ageusia has received attention as a presenting symp-
tom of COVID-19 since it was noticed in the Daegu pandemic 
in February 2020.8 Headache and myalgia are common symp-
toms of any viral illness. Therefore, we believe that the neu-
rological symptoms were screened in most cases during the 
study period, although they could still be underestimated. 
The present findings are very similar to those of a study us-
ing structured surveys to obtain data that was performed in 
Tunisia.12 This study was a single-center study that included 
only hospitalized patients, and so the findings may not be 
generalizable to the overall COVID-19 patient population. 
Further large, prospective studies are needed to establish the 
details of the neurological characteristics of COVID-19.

In summary, we found that neurological manifestations 
were commonly observed in a population of Korean patients 
with COVID-19, especially headache, myalgia, and olfactory 
dysfunction. During the COVID-19 pandemic, when patients 
present with new-onset neurological symptoms, COVID-19 
may be considered as part of the differential diagnosis. In ad-
dition, particular attention should be paid to severe neuro-
logical complications in patients with severe or critical CO-
VID-19.
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